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Condi t ions of stable, uni form gas distribution were studied in bubble-type reactors with sieve 
plates and the effect of geometric parameters of distributing plates and physical propert ies 
of liquid phase o n the character of the uniformly bubbled bed and on its poros i ty was considered. 
Critical velocity in the holes of the plate corresponding to the onset of stable performance of distri
buting plates has been found to be a function of hole diameter and physical properties of phases . 
A s imple semiempirical relation for the est imate of ranges of stability of sieve plates has been 
verified on basis of experimental data. Under the condi t ions of stable uniform gas distribution 
t w o differing bubbl ing regimes were observed in all studied gas- l iquid systems. In the region 
of " h o m o g e n e o u s " bubbhng regime the gas h o l d u p has been at comparable condi t ions in all 
cases significantly greater than in the "turbulent" regime. Experimental data of volumetr ic 
l iquid-side mass transfer coefficient ky^a have demonstrated suitability of the " h o m o g e n e o u s " 
bubbl ing regime for obtaining an intensive interphase contact in the bubbled bed. 

In recent years there has been a rising interest in appl icat ion of bubble c o l u m n reactors for chemi
cal and biological processes in the gas- l iquid or gas - l iqu id- sohd systems. This interest has initiated 
a number of theoretical and experimental studies a imed at obtaining numerous information 
o n various aspects of operat ion of these units. In our Institute hydrodynamics of bubble c o l u m n 
reactors wi th sieve plates as gas distributors has been studied recently. A n attent ion has been 
paid namely t o the effect of gas distribution on the character of the gas- l iquid bed formed in the 
reactor and o n its characteristic hydrodynamic parameters — gas ho ldup (SQ) and volumetric 
mass transfer coefficient {kija). The ultimate goal is to obta in data for design of such plate distri
butors with which the largest intensity of interfacial mass transfer can be reached under specific 
operat ing condi t ions so that reactors of this type having an advantage in their construct ions 
simplicity and energetic e c o n o m y cou ld be used even for such chemical or biological processes 
w h o s e overall rate is significantly affected by the rate of mass transfer between phases . This 
study has resulted from the long-term program and is directly related to the results of preceeding 
studies which were already p u b l i s h e d ' " ' . The posit ive effect of uniform gas distribution o n BQ 
a n d k^a has been experimental ly verified in these studies and condi t ions of stable operat ion 
of distributing sieve plates have been characterized, which is the pre-condit ion of formation 
of a uniform bubble bed. T w o different bubbl ing regimes were observed in the a ir -water system 
in the region of stable uniform bubbl ing w h o s e areas of occurrence were determined by values 
of gas velocity and of geometric parameters of p l a t e s ' . The gas ho ldup in the " h o m o g e n e o u s " 
bubbled bed* was considerably larger than in the "turbulent" bubbl ing regime which is usually 

The term " f o a m " bubbl ing regime was used for these condi t ions in our recent study . 
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R E S U L T S A N D D I S C U S S I O N 

Conditions of Stable Operation of Distributing Plates 

Boundar ies of stable plate opera t ion are character ised by certain critical values 

C o l l e c t i o n C z e c h o s l o v a k C h e m . C o m m u n . [Vo l . 47] [1982] 

observed in bubbled reactors. Both bubbhng regimes differred also by the magnitude of the 
effect of distributing plate geometry on the character of bubble bed and on corresponding values 

It was the a im of this s tudy to complete and generalise this present knowledge 

with the regard to the above stated goal-formulat ion of principles for the design 

of an op t imal dis t r ibut ing plate . The main objective of this s tudy was de terminat ion 

of the effect of physical proper t ies of the hqu id phase and its ability to suppor t 

or h inder coalescence of bubbles in the bed on the range of stable opera t ion of plates, 

o n the existence of two bubbl ing regimes observed in the wa te r -a i r system (and 

eventual ly on condi t ions or regions of their existence) and on magni tude of the gas 

h o l d u p in the bed. Ano the r a im of this s tudy was t o consider on basis of experimental 

/CLO da t a the effect of the bubbl ing regime on intensity of interfacial mass transfer 

in the bed and to compare the relat ion between ki_a and gas ho ldup for bo th bubbl ing 

regimes. 

E X P E R I M E N T A L 

The experiments were performed in a single stage bubble c o l u m n with the diameter 0-152 m. 
Distr ibuting plates were made of brass sheets of thickness 0-003 m and holes were situated uni
formly on the whole area in a triangular pitch. The hole diameters of plates used ranged between 
0-5 and 3 m m and free plate areas between 0-2 and 1%. Survey of plates used and of their geo
metric parameters is given in Table I. The experiments were performed under the zero liquid 
flow rate with constant l iquid ho ldup in the bed. Rat io of the clear liquid height to the reactor 
diameter { H Q J D Y ) was in all cases equal to seven. Superficial gas velocities were within the range 
0-009 — 0-276 m s ~ ' . In Table H i s given the survey of used gas- l iquid systems and the correspond
ing physical properties of phases . Air was used as the gas phase in all cases. Determinat ion of the 
l imits of stable plate operat ion and measurements of gas holdup in the uniformly bubbled bed 
were performed for three l iquid phases -butano l , aqueous solut ion of acetone (40% by mass) 
and aqueous so lut ion of ethanol (1 vol .%). For comparison data for the water-air system obtained 
in our recent s t u d y ' are also included a m o n g the results. The k^_a values were measured only 
in the water-air system. 

Critical gas velocit ies in the holes of the plate were determined on basis of the visual est imate 
of the number of bubbl ing holes on the p la te ' , gas holdup was measured by the method of pres
sure differences*. The fc^a values were determined by the dynamic method by evaluation of the 
response of the oxygen probe on saturation of the liquid in reactor by air oxygen. For measure
ment the polarographic probe of the Clark type was used (Research workshop of the Czecho
slovak A c a d e m y of Sciences) with the teflon membrane of thickness 0-015 mm. At evaluat ion 
of the probe response ideal mixing of the liquid phase has been assumed, for description of the 
probe dynamics has been used the two-region model proposed by L inek ' . 
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TABLE I 

Parameters of distributing plates 

CIQ^ m m 'Mo 'P, % n t], m ^ 

0-5 6 0-2 190 10 500 

1 0 3 0-2 47 2 597 
0-5 113 6 243 
1-0 228 12 600 

1-6 1-875 0-2 19 1 050 
0-5 45 2 486 
1-0 92 5 083 

3-0 1 0-2 5 276 
0-5 13 718 
1-0 26 1 436 

TABLE I I 

G a s - l i q u i d systems studied a n d their physical properties at 20°C; — ^'^l k g / i n ' , ("G ~ 
. 1 0 " ' N s / m ' 

Sys tem /̂ L - 1 0 - 10 t 
k g / m ' N s / m ^ N / m ° C 

A i r - w a t e r 1 000 1 01 72-8 20 
A i r - b u t a n o l 814 2-89 24-6 20 
A i r - a c e t o n e sol . 940 1-57 33-3 2 0 

in water (40 weight %) 
A i r - e t h a n o l sol . 998 0-93 57-2 25 

in water (1 vol . %) 

C o l l e c t i o n C z e c t i o s l o v a k C h e m . C o m m u n . [ V o l . 47] [1982] 

of pressure d r o p above which tlie p la te opera t ion is no t affected by pressure fluctua
t ions in the bed, i.e. the gas d is t r ibut ion is independent of the dynamics of the bubb led 
b e d ' . F o r the given p la te (character ised by values of the hole diaineter and free 
pla te area) a n d for the specific two-phase system cor responds to this hmi t ing value 
of pressure d r o p a critical value of gas velocity in the pla te holes Wo . c r i t - The values 
t / o . c r i t measu red for individual gas- l iquid systeins are summar i sed in Table I I I . 
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F r o m this Tab le is obvious the effect of l iquid phase proper t ies a n d hole d iameters 
on the values of Mo ,cr i f In agreement wi th the definition the experimental ly deter
mined values of Wo.crit a re independent of the free plate area . In Table IV are given 

TABLE I I I 

Critical values IIQ = W Q / 

" o , c r i ( . m s 

do <P Air-ethanol 
m m Air -water A ir -butano l A ir - ac e t one sol. sol. 

3 0-2 6 1 5 4-6 5-4 3-85 
0-5 6-2 4-6 6-2 3-7 
1 0 7-7 4-6 6-1 4-6 

1-6 0-2 10-75 6 1 5 9-2 6-9 
0-5 10-8 6-4 9-2 6-8 
1 0 10-7 6-1 9-2 7-1 

1 0-2 12-3 7-7 12-3 9-2 

0-5 12-2 7-7 12-2 9-2 

1-0 12-3 7-7 12-3 9-2 

0-5 0-2 15-35 10-7 15-35 12-3 

TABLE I V 

Critical values ^ ^ c c r i i " " O ' c r i A ^ c / " ' 

do 
m m 

'P 
Air -water A ir -butano l A ir - ac e t one sol . 

A ir -e thano l 
sol. 

3 0-2 1-9 3-1 1-8 1-6 

0-5 1-9 3-1 2-4 1-5 

1-0 3-0 3-1 2-4 2-3 

1-6 0-2 3-1 3-0 2-9 2-8 

0-5 3-1 3-2 2-9 2-7 

1-0 3-0 2-9 2-9 2-9 

1 0-2 2-5 2-9 3-2 3-1 

0-5 2-5 2-9 3-1 3-1 

1-0 2-5 2-9 3-2 3-1 

0-5 0-2 2-0 2-8 2-5 2-7 

C o l l e c t i o n C z e c t i o s l o v a k C t i e m . C o m m u n . [ V o l . 47] [1982] 
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the cor responding critical values of the Webe r n u m b e r related to the d iameter of the 
pla te h o l e ' 

I t is obvious tha t the W e b e r n u m b e r defined in this way well expresses the effect 
of individual variables (do, a) on W o . c r i t î̂ -d the opera t ion of plates can be in all 
cases considered to be stable for WCQ ̂  3. Mersmann® has theoretically predicted 
the value Weo^ait = 2, Gers tenberg ' ' gives as the limit of stable bubb l ing the value 
WeQ = 4. F o r large hole d iameters (d^ ^ 3), wi th regard to the danger of weeping, 
it is r e c o m m e n d e d to opera te a t larger values of UQ t han cor responds to the cor
responding critical value of the W e b e r n u m b e r . M e r s m a n n ^ gives for de te rmina t ion 
of the hmi t ing value MQ in these cases the condi t ion F ro = 0 '37. F r o u d e n u m b e r 
related to the condi t ions in the holes of the plate is defined by relat ion 

Fro = [edieL - Q G ) Y - ^ ' { I ' l M . 

1-oP a 

h 
0-6r 

FIG. 1 

Effect o f relative free plate area on depen
dence wg/n o n UQ for acetone so l . -a ir (do = 
= 3 m m ) O q)= 0-2%, • (/> = 0 - 5 % , t> (p =^ 
= 1 - 0 % ; ethanol so l . -a ir (rfg = 1 m m ) Q ip — 
= 0 - 2 % , e (p = 0 - 5 % , a (p= 1 -0%; b u t a n o l -
-a i r ( r f o = l ' 6 i r i m ) © = 0 - 2 % , <a (p = 
= 0 - 5 % , 0 1 - 0 % 

FIG. 2 

Effect of ho le diameter on dependence 
n-^jn on «o fo'' e thanol so l . -a ir , (p == 0 - 2 % 
O dQ = 0 - 5 m m , m d^ = \ m m , C = 
= 1 -6 m m , a df) = 3 m m 

C o l l e c t i o n Czec t ios lovak C t i e m . C o m m u n . [ V o l . 47] [1982] 
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C o l l e c t i o n C z e c t i o s l o v a k Ct iem. C o m m u n . [Vo l . 47] [1982] 

The effect of plate geometry on the form of dependence of the n u m b e r of bubbl ing 
holes on the gas velocity related t o the area of plate holes {n^,jn vs MQ) is demons t ra ted 
for individual measured systems in Figs 1 and 2. The shape of dependences and the 
observed effect of geometr ic plate pa ramete r s was for all systems similar as for the 
wa te r - a i r sys t em ' . F o r none of the measured systems has been found any effect 
of the free pla te a rea on the shape of this dependence (Fig. l ) and the observed effect 
of do (Fig. 2) cor responded to the effect of this pa ramete r on the value of W o . c r u -

Effect of Plate Geometry on Character of Uniformly Bubbled Bed 

Values of gas ho ldup ra t io were measured a n d the character of the bubbled bed 
was s tudied visually in all systems considered unde r the condi t ions of stable uni form 
gas d is t r ibut ion . Similarly as earlier in the wa te r -a i r system, the existence of the 
regime of " h o m o g e n e o u s " bubbl ing was observed in all three systems studied, in the 
region of low and med ium gas flow rates on plates with large concentra t ion of small 
d iameter holes. Range of existence of this regime was however different for individual 
systems and similarly was found for individual systems different effect of the existence 
of this regime on gas h o l d u p in the bed. F o r the system a i r -bu ty la lcohol and air¬ 
- a q u e o u s solut ion of ace tone , the " h o m o g e n e o u s " bubbl ing was observed only 
on the plate with the hole d iameter 0-5 m m {(p = 0-2%), for the systems a i r -wa te r 
and a i r - a q u e o u s solut ion of e thanol this regime existed also on plates with the hole 
d iameter 1 m m (at (p = 0-5 and 1%). Similarly, ranges of values WQ in which existed 
the regime of " h o m o g e n e o u s " bubbl ing on individual plates were different. In Fig. 3 
is p lot ted for all four systems gas- l iquid the dependence EQ on for plates with 
(p = 0-2%, do = 0-5 m m . F r o m this figure it is obvious tha t in individual systems 
differs bo th the range of cor responding to the existence of the " h o m o g e n e o u s " 
bubbl ing as well as the coordina tes of the ma x imum on the dependence eo .max — 

In Tables V and VI is also given compar i son of gas holdups for the regions of " h o -
g e n e o u s " a n d " t u r b u l e n t " bubbl ing regime. In Table V are given the extreme values 

max — ^̂ G max co r respoud iug to the fully developed regime of , , h o m o g e n e o u s " 
bubb l ing on the pla te (p = 0-2%, do = 0-5 m m and the cor responding da t a EQ -
(for values EQ « E c ^ a x ) obta ined on the same plate at the condi t ions of " t u r b u l e n t " 
bubbl ing . The compar i son demons t ra t e s tha t in the , , homogeneous" bubbl ing regime 
comparab le poros i ty values can be obta ined at significantly lower gas velocities 
than in the case of „ t u r b u l e n t " regime. 

In Table VI are given porosi ty da t a which were obta ined on plates with equal 
free area bu t differing by the value do and thus opera t ing at the given gas velocity 
in the region of „ h o m o g e n e o u s " or „ i u r b u l e n t " bubbl ing. Results of this compar i son 
are again favourable for the " h o m o g e n e o u s " bubbl ing regime and it is thus obvious 
tha t for ob ta in ing a large gas h o l d u p and thus also large interfacial area it is preferable 
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t o opera te in tlie region of „ h o m o g e n e o u s " bubbl ing . The mass t ransfer intensity 
in the bed is however character ised by the volumetr ic mass t ransfer coefficient 
ki^a. F o r final eva lua t ion of the effect of " h o m o g e n e o u s " regime on the mass t ransfer 
intensity it has been thus necessary t o find ou t if the increase of gas h o l d u p in the 
region of " h o m o g e n e o u s " bubbl ing is accompan ied by the cor responding increase of 
ki^a as it is usual in the " t u r b u l e n t " region in which the dependence of bo th quant i t ies 
can be descr ibed by a definite functional relation*. 

M a x i m u m porosi ty for regimes of " h o m o g e n e o u s " and "turbulent" bubbhng for Dj^ = 0-152 m; 
rfo = 0-5 m m ; (p = 0-2% 

System 
H o m o g e n e o u s regime Turbulent regime 

Water-a ir 0-092 0-394 0-276 0-339 
Butano l -a i r 0-038 0-176 0-061 0-173 
A c e t o n e so l . -a ir 0 0 4 6 0-282 0 1 5 3 0-275 
Ethanol so l . -a i r 0-092 0-481 0-276 0-379 

TABLE V I 

C o m p a r i s o n of experimental porosi t ies at " h o m o g e n e o u s " and "turbulent" bubbl ing 

Systern 
'P 

m / s 
do 

m m 
R e g i m e 

Water-a ir 0-2 0-092 0-5 0-394 " h o m o g e n e o u s " 
1-6 0-174 "turbulent" 

B u t a n o l - a i r 0-2 0-038 0-5 0-176 " h o m o g e n e o u s " 
1-6 0-102 "turbulent" 

A c e t o n e so l . -a ir 0-2 0-046 0-5 0-282 " h o m o g e n e o u s " 
1-6 0-165 "turbulent" 

Ethanol so l . -a ir 0-2 0 0 9 2 0-5 0-481 " h o m o g e n e o u s " 
1-6 0-228 "turbulent" 

C o l l e c t i o n Gzectiosloval< Chetn . C o m m u n . [ V o l . 47] [1982] 
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Relation between k^^a and Gas Holdup at Different Bubbling Regimes 

The ki^a values were measured for the wa te r - a i r system in the whole range of gas 
velocities and values of geoinetr ic p la te para ineters ((p and do). The character of the 
observed dependences of k^^a on WQ cor responds qualitatively in the whole measured 
range of individual variables to the dependence of SQ on W Q . O n plates on which the 
existence of the h o m o g e n e o u s bubbl ing regime was found the dependences of ki^a 

TABLE Vll 

Coordinates of extremes on the dependence BQ — WQ or kj^a — IVQ for the regime of " h o m o g e n e 
o u s " bubbling 

<P do ' t 'G.max ('•^L"\mx ' ^ C m a x 
% m m ^o.mait m s ' s ' m s ' 

0-5 
1 
0-2 

1 0-310 0 092 
1 0-354 0-123 
0-5 0-394 0-092 

0136 
0-173 
0-169 

0-092 
0-138 
0-092 

FIG. 3 

Gas ho ldup in dependence on superficial gas 
velocity for the regime of " h o m o g e n e o u s " 
bubbling. <p = 0-2%, = 0-5 m m ; o water¬ 
-a ir , • butanol -a ir , C acetone sol . -a ir , 
(» ethanol so l . -a ir 

FIG. 4 

Compar i son of dependences kj^a o n WQ 
for the regimes of " h o m o g e n e o u s " and 
"turbulent" bubbling. System water-air , ip = 
= 0-2%, dg = 0-5 m m ( " h o m o g e n e o u s " bub
bhng), ^ 0 = 1 ™m ("turbulent" bubbling) 

Col lec t ion C z e c i i o s l o v a k C t i e m . C o m m u n . [ V o l . 47] [1982] 
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on WQ h a d a m a x i m u m at values cor respond ing to the values of W c ^ a x in the 
dependence of EQ o n WQ (Table VII ) . Values of ki^a measured at equal gas velocities 
for the region of " h o m o g e n e o u s " bubbl ing were significantly higher t h a n for " t u r b u 
len t " regime (Fig. 4) . 

In F ig . 5 are s imul taneous ly p lo t ted the dependences of kj^a o n WQ and EQ on WQ 
ob ta ined u n d e r the condi t ions of the " h o m o g e n e o u s " bubbl ing regime. F r o m this 
figure it is obvious tha t the dependence k^^a — WQ has a similar shape as the poros i ty 
dependence bu t t ha t the effect of " h o m o g e n e o u s " bubbl ing o n increase of ki^a 
is n o t so p r o f o u n d as in the case of gas h o l d u p ra t io . This fact can be quali tat ively 
explained by the possible oppos i te effect of " h o m o g e n e o u s " bubb l ing regime o n kj^ 
a n d a , conf i rmat ion of this hypothes is would indeed require per formance of s imul
taneous independen t measurement s of / c l a n d k i ^ a . 

The ob ta ined d a t a of k^^a indicate , t h a t at the " h o m o g e n e o u s " bubb l ing regime 
relatively large values of k^^a can be ob ta ined at considerably lower gas velocities 
t h a n in the region of " t u r b u l e n t " b u b b h n g . W i t h regard to the fact tha t plates wi th 
the hole d iameters d o ^ I m m are in larger uni ts unprac t ica l b o t h from p roduc t i on 
a n d opera t ing reasons i t would be useful to test sintered glass or p o r o u s meta l 
plates as gas d is t r ibutors . 

FIG. 5 
Compar i son of dependences o f kf^a o n WQ 
and £Q on WQ for the regime of " h o m o g e n e 
o u s " bubbling. System water-air , q> = 0-2%, 
fi?Q = 0-5 m m , O data SQ, • data kja 

FIG. 6 

D e p e n d e n c e of kLa o n superficial gas velocity 
WQ for the regime of "turbulent" bubbling. 
System water-air; © = 0-2%, = 1 m m ; 
o ? ) = 0 - 2 % , • (p=0-5%, e ? ) = l - 0 % , 
do = 1-6 mm; O (p = 0-2%, e (p = 0-5%, 
a (p= 1-0%, ^ 0 = 3 m m 

C o l l e c t i o n Czec t ios lovak C t i e m . C o m m u n . [Vo l . 47] [1982] 



Uniformly Aerated Bubble Co lumn Reactors 2 7 1 

In Fig . 6 is p lo t ted the dependence k^^a on WQ for " t u r b u l e n t " bubb l ing regime. 
Similarly as with the dependence SQ — WQ ob ta ined earlier^ for this system, n o effect 
of geometry has been manifested. Eva lua t ion of exper imenta l d a t a has revealed, 
t ha t the da t a /c^a measured a t tu rbulen t bubbl ing regime can be correlated by the 
relat ion 

(2) 

derived earlier by Kas tanek* o n basis of the assumpt ion of isotropic turbulence 
in the liquid phase . 

Effect of Physical Properties of the Liquid Phase on Gas Holdup in the Bed 

T h e effect of p la te geometry on gas h o l d u p a t tu rbu len t bubbl ing regime was dif
ferent in individual gas- l iquid systems s tudied in agreement with Schiigerl 's conclu
s i o n s ' o n the effect of DO on gas h o l d u p in systems with the liquid phase suppor t ing 
or h inder ing the coalescence of bubbles in the bed. In the med ia suppor t ing coalescen
ce such as b u t a n o l o r water the effect of p la te geometry on gas h o l d u p has no t a p -

0 0 3 

a 9 O 9 
a 

c 

c 

8 
o • -

- a c 8 
c 8 

9 • o 

- • _ 

• 
0 1 1 

FIG. 7 

D e p e n d e n c e of SQ on WQ in the system with 
significant coalescence (regime of "turbulent" 
bubbhng) . Sys tem butanol -a ir ; ® p = 0-2%, Q = 0-5%, (»(/> = 1-0%, = 1 mm; © 9)=0-2%, • p = 0-5%, C 1-0%, 
( / o = l - 6 m m ; ® (/> = 0 - 2 % , ® I P = 0 - 5 % 
Q (P= 1-0%, (/q = 3 m m 

FIG. 8 

Effect of hole diameter on dependence SQ 
o n WQ in the system with suppressed coales
cence. System ethanol so l . -a ir , (P = 0-2%, O ^0 = 3 m m , m do — 1-6 m m , o DQ = = 1 m m , 3 t/o = 0-5 m m 

C o l l e c t i o n Czect iosloval< C h e m . C o m m u n . [ V o l . 47] [1982] 
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peared (Fig. 7). O n the con t ra ry , in tlie e thano l solut ion, which is a typical example 
of the m e d i u m hinder ing coalescence a significant effect of d o on gas h o l d u p was 
observed. Exper imenta l d a t a have however p roved in agreement wi th the da t a 
of Bach and P i lho fe r ' ° tha t this effect is significant only for small holes, d o < 1'6 m m 
(Fig. 8). F o r dg ^ F 6 m m the values EQ d id no t depend on the hole d iamete r which 
is significant for the mode lhng of hyd rodynamics of large-scale u n i t s " . F o r all four 
systems, the dependence of EQ o n W Q has in the tu rbu len t region the characteris t ic 
non l inear dependence demons t r a t ed in Fig . 9. 

F o r descr ipt ion of this type of dependence in general is r ecommended the relat ion 

(3) 

in which the t e rm in the d e n o m i n a t o r represents the relat ion between the u p w a r d 
velocity of bubbles with different sizes unde r the condi t ions of interference and the 
superficial gas velocity. The coefficients A and B a re functions of pa ramete r s of the 
given uni t and of proper t ies of the used gas - l iqu id system and in general it is possible 
to assume tha t condi t ions in an a rb i t ra ry bubb led bed can be character ised by a cor
re spond ing pa i r of these coefficients^. In ou r case the relat ion ( i ) has been used 
for corre la t ion of d a t a for gas h o l d u p ob ta ined at tu rbu len t bubb l ing under condi
t ions when the effect of p la te geometry has no t t aken place. Values of coefficients 
A a n d B calculated by the least squares m e t h o d and given in Table VII I are thus 
character is t ic for individual measured gas - l iqu id systems. 

In l i te ra ture there exists a n u m b e r of empir ical or semiempir ical dependences 
p roposed for cor re la t ion of the dependence of SQ on WQ which express in different 
way the effect of physical p roper t ies of b o t h phases . But these relat ions were usually 
ob ta ined on basis of measurement s in a l imited system of c o m p o u n d s represent ing 

FIG. 9 

D e p e n d e n c e of SQ on WQ for individual 
g a s - h q u i d systems (regime of "turbulent" 
bubbl ing) (p = 0-2%, dg = 1-6 m m ; o water¬ 
-a ir , • butano l -a ir , C acetone so l . -a ir , 
3 e thanol so l . -a ir 
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a certain set of c o m p o u n d s of the same type and consequent ly fail when applied 

beyond the considered set of gas-liquid systems. F o r i l lustrat ion in Table I X is given 

a compar i son of ou r exper imental CQ da t a with values calculated from the frequently 

r ecommended relat ion by H u g h m a r k ' ^ 

2WG + 0-3 V 
(4) 

TABLE V I I I 

Coefficients A, B (Eq. (J)) calculated from experimental data for individual gas- l iquid systems 

System 
A 

m s " 

Air -water 
Air -butano l 

A ir -ace tone sol . 

Air -e thano l sol. 

0-31 

0-31 

0-20 

0'28 

1-97 
1-74 

2 0 0 

1-51 

TABLE I X 

Comparison of experimental and calculated gas ho ldups for the regime of "turbulent" bubbl ing 

System " « - t m s 
H u g h m a r k ' ' 

fiC.calc 

H ik i ta '^ K a s t a n e k ' ' 

A ir -water 0 031 0-075 0 086 0-101 0-080 
0 0 9 2 0-175 0 1 9 0 0-190 0-159 
0 1 5 3 0-237 0-252 0-256 0-210 
0-215 0-289 0-294 0-311 0-249 

A ir -butano l 0-031 0 0 9 9 0-131 0-116 0-098 
0-092 0-190 0-290 0-218 0-191 
0-153 0-252 0-386 0-292 0-258 
0-215 0-317 0-451 0-355 0-324 

Air -e thano l sol . 0-031 0-104 0-092 0 1 0 7 0 0 8 0 
0-092 0-252 0-205 0-200 0 1 5 9 
0-153 0-309 0-272 0-268 0-210 
0-215 0-367 0-319 0-327 0-249 

C o l l e c t i o n C z e c i i o s l o v a k C t i e m . C o m m u n . [Vo l . 47] [1982] 
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C o l l e c t i o n Czechoslovalc C h e m . C o m m u n . [ V o l . 47] [1982] 

a n d from the dependence of Hik i t a a n d A s s a i ' ' ob ta ined by corre la t ion of an exten
sive set of exper imenta l d a t a 

(„ , „ \ 0 . 5 7 8 / , 4 \ - 0 . 1 3 1 \ 0 . 0 6 2 / „ \ 0 . 1 0 7 

I t is obvious tha t these relat ions do no t enable to express the exper imenta l dependence 
of £G on WQ. The reason of tha t is obviously the fact t ha t the charac ter of bubb led 
beds a n d thus also the values of their h y d r o d y n a m i c pa ramete r s d o n o t depend 
directly o n physical proper t ies of phases [Q, H, a) a n d mechanica l correla t ion of BQ 
or /CLO accord ing t o these quant i t ies do n o t represent an adequa te description of the 
ac tua l s tate . M o r e o v e r exper imenta l da t a publ i shed by Bach and Ph i lho fe r ' ° in agree
men t wi th ou r results, have confirmed t h a t the charac te r of the bubb led bed and 
thus also values of its h y d r o d y n a m i c p a r a m e t e r s depend o n the l iquid phase na tu re 
i.e. they differ in cases when pure l iquids o r solut ions (bo th solut ions of electrolytes 
o r l iquid mixtures) are used as a l iquid phase . All these exper imenta l da t a justify 
the frequently presented a s sumpt ion tha t behav iour of the g a s - h q u i d beds is in a deci
sive m a n n e r de te rmined by surface proper t ies of the l iquid phase (surface tension, 
surface viscosity, surface elast ici ty) '* . M e c h a n i s m of this act ion has n o t yet been 
described ei ther quali tat ively o r quant i ta t ively. At tempts have been therefore m a d e 
to correla te gas h o l d u p by means of o the r character is t ic bubb le bed paramete r s 
including implicitely the effect of surface proper t ies (as e.g. Sauter m e a n bubb le 
d iameter , d^) o r to derive app ropr i a t e re la t ions for SQ on the basis of a theoret ical 
descr ipt ion of bubb le bed behaviour . Tab le I X presents a relatively good agreement 
of exper imenta l d a t a BQ wi th the values calculated for systems with pu re c o m p o u n d s 
(water , bu tano l ) used as the l iquid phase from the relat ion derived by Kas tanek , 
Nyvl t a n d R y l e k " on basis of the descr ip t ion of pressure d r o p in the bubbled bed 

Nei ther this re la t ion enables however de te rmina t ion of gas h o l d u p values for systems 
with solut ions as the liquid phase (Table I X ) , which can be again ascribed t o the 
insufficient expression of the effect of surface proper t ies of the system on charac te r 
of the bubb led bed . 

Schi iger l ' has p r o p o s e d for corre la t ion of d a t a o n gas h o l d u p in systems with 
an arb i t rary l iquid phase (pure l iquids a n d solut ions) the relat ion 

£G = 0 - 9 1 f ( 7 ) 
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where Fr = WQl^(gds). The quant i ty obviously appropr ia te ly indicates the cha rac 
ter of the bed bu t its de te rmina t ion is r a the r ques t ionable due to the lack of a rehable 
general m e t h o d for de te rmina t ion of the size d is t r ibut ion in a bubb le bed which has 
to be k n o w n for d^ ca lculat ion. I t can t hus be concluded tha t a t the present t ime 
no general reliable re lat ion is available for an a priori calculat ion of gas ho ld u p 
(and consequent ly also of ki_a) for a specific gas- l iquid system. Values of these 
characteris t ics needed for model l ing of hyd rodynamics in large-scale units ha s t o be 
therefore predicted on the basis of l abo ra to ry (small-scale) da t a using a suitable 
approx imat ive sca l ing-up p r o c e d u r e " . 

U S X O F S Y M B O L S 

a specific interfacial are 
Sauter mean bubble diameter 
diameter of plate holes 

D j ; diameter of reactor 
D L diflfusivity of gas dissolved in l iquid 
Fr Froude number 
g gravitational acceleration 
HQ clear l iquid height 
k^^a vo lumetr ic mass transfer coefficient 

l iquid side mass transfer coefficient 
n number of holes o n the plate 
« 3 number of bubbhng holes o n the plate 
UQ gas velocity in plate holes 
fVe Weber number 
WQ superficial gas velocity 
£Q relative gas ho ldup in the bed 
<p relative free plate area 
H dynamic viscosity 
V k inematic viscosity 
Q density 
OR surface tension 
<P constant , Eq. (2) 

concentrat ion of holes on the plate 

Subscripts 

G gas phase 
L liquid phase 
o quantit iees related to the plate hole 
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